Housing conditions influence anatomy, physiology, and behaviour of animals. The aim of this study is to investigate whether the generation of fever, a defence response of the body, is also affected by housing conditions. Golden hamsters IMesocricetus auratus) were housed in small cages, large cages, or large and enriched cages. After 9 weeks of exposure to their respective environments, the fever response to the administration of lipopolysaccharide (50 pg/kg from Salmonella typhosa) was tested. One hundred and twenty experiments in 30 hamsters demonstrated that housing in small cages diminished the fever responses (increase in core temperature and fever index) significantly by approximately 20%, and is likely to be due to a higher stress level. The findings demonstrate that the results of physiological experiments are not only influenced by the experimental design, but also by pre-experimental housing conditions.
It has been known for a long time that structurally impoverished housing conditions (e.g. no enrichment with toys) diminish the weight of the brain in laboratory animals (Bennett et al. 1964) , and similar retarding effects were also seen in behavioural experiments (Klein et al. 1994) . However, there are few investigations concerning the influence of housing conditions on the regulation of physiological mechanisms. The present study was designed to investigate the influence of housing conditions (cage size and design) on the generation of fever in golden hamsters. Fever is a clinical sign of the acute phase response reflecting a non-specific immune response. The increase of body temperature during fever is a beneficial response which supports the defence mechanisms of the body (Kluger 1991) . Furthermore, fever is regarded as a set point shift of the thermoregulatory control system and, therefore, part of one physiological regulation system of the body. Long et al. (1991) have shown that stress can reduce the febrile response, therefore, the febrile response was chosen as a possible indicator for stressinducing housing conditions. The hypothesis is that chronic stress by housing in small cages should reduce the febrile response.
Materials and methods

Animals and housing
The experiments were performed in 30 conscious male golden hamsters (Mesocricetus auratusj purchased from Charles River, Germany, Lak: LVG (SYR)BR), a solitary living species. Juvenile golden hamsters at an age of 4 weeks were randomly assigned to three housing conditions: small standard cages (SC, 200 cm 2 ), large standard cages (LC, 1815 cm 2 ), or large enriched cages (LEC, 1815 cm 2 standard cage with a running wheel, a climbing trestle, a tube of cardboard, and one cage wall decorated with black graphics). The animals were kept in individual
Laboratory Animals (1998) 32, 42-45 cages and each group consisted of 10 animals. All cages were made of polycarbonate and provided with sawdust bedding. Animals were fed on a commercial hamster food (a mixture of grain} peanuts and pellets) and water provided ad libitum. The animals were kept on 12 h light/dark cycle with lights on at 06:00 h and lights off at 18:00 h} at a room temperature of 21°C to 22°C and a relative humidity of 50 ± 5%.
chamber at an air temperature of 20°C and a relative humidity of 50%} and started in the morning between 08:00 and 09:00 h. Each hamster received 4 doses of LPS over 43 days with a l4-day interval between each dose. The Guiding Principles in the Care and Use of Animals} as approved by the American Physiological Society (1996) , were observed} and the experiments were endorsed by the local Committee on Animal Ethics. Figure 1 shows the mean changes in Treeafter the application of LPS which induced an increase in Treein all three groups. The rapid temperature decrease directly following the application of LPS was caused by a direct temperature effect of the injected LPS solu-
Results
Statistical methods
Data were taken once every 10 s and stored as mean values per minute. Statistical analyses were performed by using SPSS/PC +.
Data were analysed by one-way analysis of variance and a subsequent multiple range test (modified LSD (Bonferroni) test with significance levels of 0.05 and 0.011. in-dwelling cannula was used to insert the catheter which was removed after the insertion). During the experiments} the animals were individually placed in perforated narrow cages which prevented them from turning and gnawing on the thermocouples and catheters. The restraining cage consisted of a nearly semicircular tube (width: 5 cm} height: 3.5 cm} length: 20 cmj for larger individuals tubes 6 cm wide, 4.5 cm high and 20 cm long were used) made of perforated perspex. In this tube} the animal was allowed to move forward and backward, but could not turn around. The hamsters were habituated to these experimental narrow cages in several previous sessions. Rectal temperatures (Tree) during experiments were measured by thermocouples inserted 5 cm into the rectum. The thermocouples were periodically calibrated and corrected to give minimal deviations between each other. The difference between any two. thermocouples never exceeded O.07°C}while the difference between any single thermocouple and a calibrated mercury thermometer never exceeded O.lOC.The attachment and the removal of the catheters and the thermocouples were done under halothane anaesthesia which lasted about 7 min. The experiments were performed in a climatic tion 120°C)on the temperature measurement inside the rectum. The administration of LPS started usually 1.S h after the preparation of the animals. Ten to 20 min after the administration of LPS, Treestarted to rise and reached peak temperature after approximately 140 min. In general, the animals showed a monophasic fever response with a small shoulder at the increasing rise of the early response. The differences between the housing groups seen in Fig 1 were The mean values of the maximal Treeduring the fever response were nearly the same in SC-and LC-animals but this temperature was lower in LEC animals. However, the mean increase in Tree(the difference between Kuhnen the highest temperature during fever and the baseline temperature) was the highest in LCand LEC-animals (1.SPC and 1.49°C, respectively), while the increase was significantly smaller in SC-animals (1.24°C). The fever index (the area under the temperature-time curve) often gives a better measurement of the total fever response than fever height and temperature increase and is also shown in Fig 2. The fever index shows also a significant higher fever response in LCand LEC-animals (about 3.4°C.h) compared with SC-animals (2.63°Ch).
Discussion
At the beginning of the experiments SC-animals had higher Treecompared with LC-and LEC-animals. This higher mean baseline Tree may indicate a higher stress level in SC-animals due to the smaller cage size. The following results support this hypothesis. First, acute stress by handling of rats (Briese & shown (ns= not significant, * P < 0.05, ** P < 0.01l. Baseline Tree is the mean rectal temperature during 30 min before the application of LPS,maximal Tree is the mean value of the highest temperature of single experiments, increase in Tree is the mean value of differences between highest temperature and the baseline temperature in each animal, and the fever index isthe area under the temperature-time curve for 4 h after the injection of LPS & Lloyd 1995) induces an increase in core temperature. Secondly, the stress-induced increase in core temperature is accompanied by increased levels of plasma hormones of the hypothalamic-pituitary-adrenal axis like ACTH and corticosterone in mice lGroenink et al. 1994) and cortisol in pigs (Parrott & Lloyd 1995) .
The group differences in baseline Tree during restraint were caused exclusively by the pre-experimental housing conditions because the experimental situation was identical for all animals. Besides the cage size, enrichment of the cage seems to be important as indicated by the lower temperatures of LECanimals compared wIth LC-animals. This difference is surprising because another study with golden hamsters had shown that unrestrained hamsters with access to running wheels had higher core temperatures compared with animals with no wheels (Conn et ai. 1995) . Therefore, it can be suggested that the present baseline temperatures represent the stress level and not differences in motor activity.
Fever was induced by the administration of LPS. The usual stress of handling an injection and the corresponding rise of Tree due to these stressors was prevented by the injection of LPS via an indwelling catheter. This was proved by control experiments with the application of saline which caused no changes in Tree except the small and short decrease directly after the application of the cool saline solution.
The results demonstrate the suppressing effect of housing in small cages on the generation of fever (fever responses were reduced by approximately 20% L while the cage design seems to have no obvious influence. It is known that glucocorticoids, stress-induced hormones, decrease the production of feverinducing cytokines and diminish the LPSinduced fever ! Morrow et al. 1993 , Pezeshki et al. 1996 , Sauer et al. 1996 . Therefore, it is conceivable that SC-animals have higher plasma glucocorticoid levels which attenuate the expression of LPS-induced fever.
Further studies are necessary to demonstrate whether the expression of LPS-induced fever could be used to choose appropriate housing conditions for laboratory animals. 45 In conclusion, small cages diminish the expression of fever, likely to be due to a higher stress level. In a more general way, the study shows that the results of physiological experiments are not only influenced by the experimental set-up, but also by the preexperimental housing conditions.
